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RESEARCH MEMORANDUM

MEASUREMENTS CF AERODYNAMIC CHARACTERISTICS
OF A 35° SWEPTBACK NACA 65-009 ATRFOIL MODEL WIIE -,_J-:-CHORD
PLAIN FIAP BY THE NACA WING-FLOW METHOD
By Harold I. Johnson

SIMMARY

As part of a general investigation of the stablility and conbtrol
characteristics of various alrfoil~-flap combinatlions in the transonic
speed renge, measurements were made by the NACA wing-flow method of
the 1lift, piltching-moment, and hinge-moment charactorlstics of a -
35° sweptback NACA 65-009 airfoil of aspect ratio 3.0%, with a full-

span i—-chord. unsealed plain flap. The tests covered Mach numbers

from 0.55 to 1.10, Reynolds mubers from about 500,000 to 1,300, 000,
angles of attack From =29 to 15°, and flap deflections from about
“20° to 20°., Some of the important results are glven below.

The varlations of 1ift gnd pliching moment with eilther angle
of attack or flap deflection were nearly rectilinear at all Mach
numbers tested for moderate angles of attack and flap deflections;
similarly, flep hinge moment increased almost rectilinearly with
flap deflection. The 1lift curve slope increased slightly as the
Mach number was increased to 0.80 but remained practically wmchanged
a8 the Mach number was increased from 0.80 to 1.10. The aerodynamic
center shifted rearward steadily from 17 percent of the mean
aerodynamlic chord below a Mach nwmber of 0.90 ‘to 33 percent of the
mean serodynamic chord at a Mach number of 1.10. Flap ePfectiveness
decreased Lo percent as the Mach number increased from Q.55 to 1.00.
The flap effectivensss then remained constant to a Mach number of 1.10.
The center of pressure due to flap deflection moved rearward with
increasing Mach number from about 65 to 85 percent of the mean
aeradynamic chord over the test Mach number range. - At small to
moderate angles of attack the flap-floating tendency aCg fda was

zero at all Mach numbers; at large angles of attack the flap had a
strong nsgative floating tendency that wae magnified by increasing
Mach nuber. The flap-restoring tendency dCq [d® epproximately
doubled in going from & Mach number of 0.55 to a Mach number of 1.05.
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It was found that in ‘the Mach number range from 0.65 to 0.90 wherein
comparable data were obtalned increasing the Reynolds number from
roughly 600,000 to 1,200,000 caused small changes in the lift-curve
slope and position of the serodynamic center but no chenges in the
flap 11ft, pitching-moment, or hinge-moment cherecteristics.

. INTRODUCTION

The NACA is conducting a number of investigstions of the
sprodynamic cheracteristice of small models in the transonic speed
range by the wing-flow method. One of these investigations is
concerned with the measurement of the stability and control cheracter-
istica of various general research airfoil-flap combinations. Brilef
meesurements of this type on an unswept model having the geometric
characteristics of the horizontal tail of a P~51D a.irpla.ne heve been .
reported in reference 1. The presen‘b report covers more complete
meaguremente of the cheracteristics of a sweptback research model.
These tests represent the first of a series of measurements being
made with general research models to investigate flap effectivensss
and methods of baelancing control surfaces at transonic speeds.

The tests conaisted of measuremernits of the 1ift, pltching moment,
end hinge moment on & model of a 35° sweptback, a.spect ratio = 3.0k, -
untapered NACA 65-009 airfoil with e full-span F-chord unsealed plam
flap. The tests were run for engles of attack from -2° to 15° end
for flep angles from about -20° to 20° through .a Mach nugber range
from 0.55 to 1.10. The Reynolds numbers varied from a‘bout 500,000 -
to 1,300,000. In the Mach ntmber range from 0.65 to 0.90, comparable
date were obtained for Reynolds numbers of approximately 600 000
and 1,200,000 so that the effect of Reynolds nuber could. be determined
over this range. .

SYMBOLS

" The symbols defined in the fol],oving list: are used in thie report.

M average Mach numbsr over the mociél _
My "sirplans free -sjbream Mech number

R | Reynolds numbexr

9y airpiéﬁe free—stream d.yriamj,c pressw;e |
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o]

bf2 .

aeverage dynamic pressure over modsl
Airpl 1ifs
airplens 1ift coefficient ( s >

9pSy

model 1ift coefficisnt (M.______."delslif?
model pitching-moment coefficient 6106'91 Pi‘b:héng momen?
C

(measured about axis léepercent M.A.C. a.head. of leading
edge of M.A.C.)

model hinge-moment coefficient Glod,el hinfe momen?
q_'bfcf
varietion of model lift cosfficient with angle of attack,
per degree

variation of model 1lift coefficient with flé.p deflection,
?per degree

variation of model pi'bching-momen’c ooefficient with angle of
attack per degree

variation of model pitching-moment coefficient with fla.p
deflection, per deghree

veriation of flap hinge-moment coefficient W:L'th model angle

iof atback, per degree

veriation of flep hinge-moment coefficlent with flap deflection,
per degree

acL/asy
flap relative offectiveness
4Cr./da,

angle of a.'bta.ch, a.ngle betwoen model chord plane and direction
of relative wind

p deflection; angle between flap chord lins and airfoil
chord line msasured in-plane perpendicular to hinge iine

 Hb

epback ‘angle
taper ratio
asrct ratio
l span normal to wind. d.irection

"~ _' ——
A
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o model chord parallel to wind direction

& model mean serodynemic chord -

S ... total arvea of modsl (corresponds to 1/2 the area of a complete
wing)

be /2 flap span along hinge line

&p flap root-mean-square chord perpendicular to hings lins
cr flap chord para.lle.l to wind direction = -
Sp airplane wing area

APPARATUS

, The airfolil model was mounted on the door of the ammunition :
compartment on the upper. surface of the right wing of a P-51D alrplane
(fig. 1). The contour of the door had been modified to provide
smaller velocity gradients over the model and o place the compression
shock on the airplane wing at a position behind the model. Typlcal
chordwise variations of local velocity in the region of the model,

as determined from static~pressure measurements on the surface. of

the door with model removed. sre ghown in figurs 2. Some typlcal
spanwise variations of local velocity over the model, as determined
from static-pressurs measurements .made with the rake shown in figure 3;
axe given in figure 4. For purposes of converting measured forces

and moments on the model into nondimensional coefficlents, the local
dynamic pressures corresponding to the locel Mach numbers were
averaged in both a chordwise and a spanwise direction over the model
area. In eddition to the forégoing, some measurements were made of
surface pressures along the span of the airplane wing at. the model
station. As might be expected, these megsurements showed a negligible
veriation in velocity nsar tlHe wing surface with spanwise dlstance
along the airplane wing within the accuracy of the meagurements.

The alrfoll model wasg mechined from solid dural to the dimensions
shown in figure 5. A thin circular end plate having a diameter egual
to the model chord was fastened to the root of the model in order
to simulate half-span test conditions. The end plate was solid
except for a 2-inch -diameter hole through which the flap tang passed. -

Also, there were two small openings in t'he-wing surface underneath

-

L1
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the end plate through which the model tang and flap tang passed.
These openings undoubtedly allowed some lsalkage of flow around the
root of the model but the effects of this lealege are helieved to
be very small. The flap gap of approximately 0.02 inch was left
unsgealed.

The 1lift, pitching moment, and hings moment wers measured by
a strain-gage balance and the flep deflectlion was measured by a
slide=-wirs potentiometer. These guantities were recorded conbtinuously
by a recording galvenometer. The strain-gage balance was equipped
with an alr-driven motor that oscillated the flap cantinuously
through a deflection range of approximately ¥20° at & nearly uniform

rate of l]-= oscillatlions per second. In terms of relative flight

sposed these flgures mean thet the flep was deflected 1° while the
model travelled 18 chord lengths for the lowest flight speed tested.
From this standpoint it appesars the effect of aerodynamic lag on the
measurements should be negligible.

The airfoil angle of attack was measured with respect to the
angle of a freely floating rectangular vene with a wedge-shape cross

sectlon that was located 22% inches outboard of the model station.

(Refer to fig. 1.) In a flight made before the sweptback model was
installed, an identical floating vene was Installed at the model
station so that the directlion of alr flow at the model locatlon was
calibrated as a function of the position of the outboard vane.

In addition to the foregoing instrumentation, standard NACA
recording instruments were used to determine the airspsed, altitude, -
normal and lateral acceleratlon of the airpla.ne , and the free-alr
temperature.

TESTS

Flights were made with the model set at angles of -2%, 0°, 2°
59, 8, and 15° relative to the longitudinal axis of the a.irplane.
In addition,a flight was made to determine only the 11ft of the model
when set at 220 from the longitudinel axis of the alrplans. Bach
flight consisted of two runs at different altitudes so that a large
Mech number range could be covered for different Reynolds number
ranges...In the “high-dive" run the airpleans was dived from an altitude
of 28,000 feet at an indicated airspeed of 220 miles per hour to
an airpla.ne Mach number of 0.73 at an altitude of 18,000 feet
vhereupon & 4g pull-out was made. During this dive usea.ble data
were obtained for Mach numbers over the model ranging from 0.65 to 1.10.

iy
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In the "level-flight" run the alrplens was slowed down gradually
from 450 miles per hour to 300 miles psr hour at 5,000 feet altitude
following a dive and pull-out from ebout 12,000 feet altitude. From
this run date were obtained for model Mach mumbers verying from 0.90
to 0.55. The variation of Reynolds number with Mach number for the
high-dive and level-flight runs is shown in figure 6.

ACCURACY

The meajor verlables presefrbea. herein are believed to be accurate
within the following absolute limits: . .

Mach nubeY = « + ¢ « ¢ o s « o o « & . .« . . to.0L
Angle of attack,degree. « + « - « + . R S R T RS +0.2
Flap angle, dgroe. « .« « » s « « o' ¢ o s aia o v 0 0w w0 0.3
Lift coefficient . . . B T v e “+0.03
Pitching-moment coefficient e e e e 4 e e 0 v e v s F0.015
Hinge-moment coofficient .« +« ¢« + ¢ v + « & & e v s os . t0.015

The accuracy of the lest 'bhree of the foregoing verlahles is
a function of the magnitude -of the forces and moments which in
turn are a functlon of the dynamic pressure; the figures given above
are for the lowest dynamic pressure used in the teets. At the highest
dynamic pressure besbed, the accuracies should be Four times better
than those listed. About half of the loss in accuracy was caused
by gradual small shifte. in instrument zercs during e run. - The other
helf was caused by insbility of thé recording galvanometer to produce
a vnique deflection from a given signal end by smell veading errors
incurred during the eveluation of .the data. In the case of measuring
glopes for data plotted against flap deflection, the -accuracy should
be better than thet correspondling to the foregoing because the
Ingtrument zeros remalned essentially constant during any single
flap oscillation.

PRESENTATION OF RESULTS

Standard NACA conventions were used for the signs and cvoefficients
used in presenting the data. The pi'bching moments were measured
_about an axls located 16 percent of the chord ahee.d. of the leading
‘ edge of the mean aerod.ynamic .chord.

An example of & plot of ty'_pica.l original date obtained from 'bhe
‘balance is shown in figure . 7. It will be notad. thet the rmeasurement
of 1ift. end pitching moment involved some s‘oeresis. This time lag
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in recording the 1ift and pitching moment actually amounted to

about 0.010 and 0.01lk second, respectively; the phencmenon was
probably assoclated with the capabllitles of the balance or the
recording galvaenometer to respond quickly to an impressed force or
moment. In this connection,the balance was designed to ha.ve

a maximum natural oscilla.tion period under 0.020 sscond. .

indicated by figure 7,the hysteresis was taken into account by
measuring the 1ift and piltching moment for flep trevel in both directlons,
and then establishing the correct curve laterally halfway between
the two curves thus determined. This procedure involves the assumption
gimply thet the time lag is a constant. .Near full flap travel the
correct curve was determined only from the date for the flap .
approachling maximm deflection using the time lag determined from
the date near zero flap deflection. As a vesult of the necessity
for correcting for hysteresis 1t is possible that scme- exror, may

be incurred where an abrupt change in slope of .a curve ‘occurs. As
will be seen later, this possibility aepplied almost exclusively to - )
the data for very large flap deflections. Becauss of the large :
number of test points and curves involved in determining the airfoll
cheracteristics as a function.of flap deflection,These curves are
presented without showing the actual test points in the interests

of clarity.

. Figures 8 to 13,inclusive, present the measured 1ift, pliching-
momant, and hinge -moment cheracteristics as a function of flap
d.eflection for the various angles of attack tested. Flgures 1k,

15, and 16 show the 1ift, pitching-moment, and hinge-moment
characteristics as a function of angle of sttack for zero flap. .
deflection, The-data in figures 14 to 16 were cross-plotted from..
figures 8 to 13. Figure 17 is a sw:mary plot of the lift. effectiveness
of both the airfoil and the flap as well as the relative ef?_e_c'biveness
of the flap, all plotted agminst Mach number. .Figure 18 is’a summary
plot showing the rate of change of mesasured pitching-mement coefficient
with angle of -attack snd with flap deflection versus Mach number.

Algo included.-in figure 18 is the locatlon of the center of.pressure
due to flep deflection and the location of the aerodymemic center
relative to the mean eerodynemic chord. Figure 19 shows the variation
with Mach muber of the rate of chenge of. hinge-moment coefficient
with flap deflection. All the slopss shown in figures 16 to 19 were
taken for either zero flap deflection or/a.nd. zero angle .of attack; -
however, an ingpection of the original dabe of figures 8 to 13
indicates that these slopes usually apply to rather lerge ranges of
flap angle or angle of attack. : : -
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DISCUSSION OF RESULTS

An inspection of figures 8 and 9 reveals that, in genersl, the
variation of 1ift with flap deflectlion is almost reotilinear over
nearly the entire rangs of flap deflection tested (*20°) for
angles of attack up to 5°, regardless of Mach mumber. Also, the
slopes of the curves through zero flap deflection for a given Mach
number are nearly the same for angles of attack up to 50, At )
higher angles of attack a definite change in slope of the lift
versus flap-deflection curve occurs for conditions where the flap
i1s blanketed by the forward portion of the alrfoil. This change
in slope is most pronounced at a Mach number of 0.95. It ma.y be
noted that no dats were obtained for an angle of attack of 15°
in the level-flight runs above a Mach numbher of 0.75. These tests
were purposely omitted in order to retain a reasonable strength
margin against breaking the airfoil at the root. As it was, 1ift
forces up to 62 pounds were obtained on the model in a high-dive run
at a Mach number of 1.10. . This fact indicates it 1s possible to
obtain 1ift forces up to 700 pounds per square foot of area at
20,000 feet altitude on an airfoil of the type tested at a Mach
number of 1.10. .

The pitching-moment curves, given in figures 10 and 11, show much
the seme .trends as the 1ift curves because of the far forward pogltion
of the reference axis (16 percent M.A.C. ahead of leading edge of
M.A.C.). Ag in the cage of the 1ift curves, the general shapes of the
pltching-moment curves are largely unaffected by Mach number for low
angles of attack, and for high angles of attack the most pronounced
nonrectilinearity occurs near & Mach number of 0.95. The pitching
moment falls off & greater emount than the 1lift at largs flap deflections;
algo, the nonlinserity in the pitching-moment curves for moderate flap
deflections when the flap is Dlanketed by the airfoil (largs angles
of attack) is more pronounced. These cheracteristics indicate the
center of pressure due to flap d.eflection moves Forward at large
flap deflections.

The variations of hinge-moment coefficient with flap deflection,
shown in figures 12 end 13 are also seen to be nearly rectilineer
particularly for angles of "atteck cloge to zero. As the angles of
attack, increase the hinge -mowent. curves for Mach numbers between 0.95
and 1.10 become gteeper for a few degrees of flep deflection near zero
flep angle. Aslde from this, 1t mey be noted the hinge-moment curves
undergo a gradual 1ncrease Inover-all steepness as the Mach nunber
is increased.

The variation of lift wi Qe Mkieck et zero flap deflection
(fig. 14) was practically reciiEyiMd povds First 10°. From
figure li(a) it can be seen that the changes in lift-curve slope in

4
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the rectilinear range weré very small over the entire range of Mach
number tested. Although no attempt was made to establish accurately
the meximum 1ift coefficient, figure 1h(a) indicates clearly that the
maximum 11£% ccefficlent 1ncreasas sharply from a valus of approxi-
mately 0.66 at M = 0.90 to value of about 0.91L at M = 1.05. Along
with this large inorease in maximum lift coefficient there was a
corresponding large increase in the stalling angle of attack.

The pltching moment incroased almost rec'bilinsa.r.t.y with angle
of attack up to an engle of attack of about 10° for all test Mach
mubers {fig. 15). Such a trend is to be expected becauss the.
pitching moment is lergely a reflection of the 1lift when the moment
axis is far forwerd of the aserodynamic center as was the case in
these tegts. However the slight nonrectilinea.rity in the mowent
curves for the angle-of-attack rangs from 0° to 10° in combination
with the straight Cf, versus o ourves indicates a small rearward
shift in the aerodynamic center with increasing engle of atbtack. AL
very large engles of attack the plitching-moment curves again show
changes reflecting those found for the lift variation with angle
of attack; rectilinearity of the curves extends over a progressively
. larger engle -of-attack rangs from a Mach number of 0.95 to & Mach
nunber of 1.10. A close inspection of figure 15(a) shows that
the over-all steepness of the plitching-moment curves increasss with
Mach number particularly at Mach numbers gbove 0.90. This, of course,
corresponds to a rearward shift of the aserodynamic center for zero
angle of atbtack with increasing Mach number.

In figure 16 it is seen that, in general, the changs in hings-
moment coefficient with changes in angle of attack is practically
zero for the first 5° of angle of attack. At high angles of attack
the hinge-umoment coefficient becomes strongly negative indicating a
strong tendency of the flap to float with the relative wind. This
. negative floating tendency is magnified by increasing Mach mmber

and. .extends down to lower angleg of atbtack with increasing Mach
number

~ The svmrary curves of 1ift effectiveness for the high dive

runs {fig. 17) show that the 1lift curve slope dCp/da 1is essentilally
inverient with Mach number up to a Mach number of at least 1.05.

The date from the level-flight runs indicate some vise in lift
' curve slope as the Mach number increased to 0.80 bubt very little
further rise in .1ift curve slope above M = 0.80. In general,the
velues for 1ift curve slope shown by figure 17 agres well with values
found for similar wing plen forme tested at low Mach numbers in
various wind tunnels. The foregoing results indicate that any
increase in 1ift curve slope due to Prandtl-Glauert effect is small
in the present tests. The relative effectiveness of the flap

de/d% is seen to have,a relatively low value (0.32) at the lowest
Mach number tested and thisg low value 1s further reduced by nesrly
one~half when a Mach § ] Q04 s reached.. Similarly, the flap
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Lift effectiveonsss dCL/da 1s reduced by &bout 40 percent from an
initial low value (0.0165) at M = 0.55. It i not yet known how
sealing the flap gep will affect the flap 1ift characteristics. In
comnection with flap offectiveness it should be remembered that in
the present tests the flap angles were mesasured in e plane
Perpendicular to’the hinge line, whereas the angles of attack were
measured in a plane parallel o the wind direction; this convention
rartly accounts for the low valuwes of flap effectiveness measured
for the sweptback model as compared with corresponding values for an .
unswept airfoll. The values of 1ift curve slope shown in figure 17
are uncorrected for the effects of model flexibility.

A ground callbration wees made to determine the stiffness of
the model and the location of 1ts zero twist line. This calibration
showed that the line along which 1ift loads caused no change in
engle of attack due either to twist or to lateral deflection was
located an appreclable distence ahead of the measured aerodynamic
center so that 1ift forces caused the outboard portion of the airfoil
model to twist in the direction that reduced the 1ift load thereon.
This phenomeron resulted in & decrease of 1if't curve slope that
depended on air dengity as well as Mach number. It is estimated
that the velue of 1ift curve slope presented for the high dive runs
is reduced by 1.5 percent and that for the level-flight runs is
reduced by 3.4t percent at g Mach number of O. 85 as a result of
model flexibility.

Regarding the Reynolds nuwber effects indicated by figure 17,
it appears that the 1lift curve slope experiences & small decrease
with increasing Reynolds number. For example, at & Mach number of 0.865,
increasing the Reynolds numwber from 650,000 to 1,270,000 decreased
the 1ift curve slope aboub 4 percent.- As pointed out previously,
however, model flexibility was responsible for about 2 percent of
this total difference in 1ift curve slope at M = 0.85 so that only
the remaining 2-percent change in 1ift curve slope 1s attributable
to Reynolds number effects. It is noteworthy that within the
accuracy of the measurements there was no effect of Reynolds number
on the flap effectiveness dCr/dd® over the Reynolds nmumber r
teated. In the case of relative effectiveness of the flap §d5
it appears the effect of Reynolds number decreases with increesing
Mach number.

The swmmary of pitching.moment cheracteristics (fig. 18) shows
that beginning at a Mach numbsr of 0. 90, the rate of change of :
pitching-moment coefficient with angle of ettack (dGM/BnJ increases
steadlly to a Mach number of 1.05; the resulting serodynemic center
moveg rearverd steadily from 17 percent of the mean aerodynamic
chord at a Mach number of 0.90 to 33 percent of the mean asrodynamic
chord at & Mach number of 1.10. The small random variations of

L
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asrodynamic center location shown at Mach numbers below 0.90 are
believed to be due partly to experimental error. In connection
with the seemingly far forward position of the asrodynamic center
at the lower speeds as indicated by these btests, an atiempt was
made to determine analytically the effect on aserodynsmic center
location of the vertical velocity gredient above the wing door.

It was found that the measured aerodynamic centers are probably on
the order of 1 percent mean asrodynemic chord farther forward
tha:n. they would be if the model were tested In a uniform flow fleld
{disregarding secondasry effects). Iealage of air through the
relatively large flap gap mey have contributed to the forward
position of the ssrodynamic center al low speeds. The center of.
pressure due to flap deflectlion, disregerding the apparent random
scatter, moves rearward graduslly from 65-percent mean serodynamic
chord at,"M = 0.55 +to 85&percen’t moan aerod.ynamic chord. at

M=1. 05

The summary of pitching-momeh’b chara.cteristics shown in figure 18.
also indicates some dsfinite effect of Reynolds number on the pltching
moment dus to angle of attack at low Mach numbers. The pitching
moment due to flap deflection, on the other hand, 1ls practically .
wnaffected 'by the changs in Reynolds number a.llowing for experi.mental
error in the d.ata :f.'or me lower speeds tes’cea.. . .

The rate of chaxgs of h:bngs—moment coefficien‘b wi'bh fla.p .
deflection showm in figure 19, increases megatively with incressing
Mach num'ber. It is seen that the control-centering tendency dCy/ad .
has a log’l.cal low-gpsed value of -0.0087 per degree at M = 0.55
thet doubles in going to' M = 1.05: Becauge of the excellent agreement
botween the date fiom the high-d.ive and level-flight runs, it is.
apparent that the dargs change In Reynolds number had no effoct on
the flap hinge-moment characteristics up -to the hlghest Mach nwn'ber
for which compa.rable da'ba Wore cb‘bained (M = 0.90). :

On the basis of the foregoing data, it is concluded that,for the
Mach number range from 0.65 to 0.90, a cha.nge in Reynolds muber
from roughly 600 ,000 to 1,200,000 causes possibly a few percent
change in the airfoil lift curve slope and serodynamicecenter
location and no perceptible changs in the flap-lift, pitching-
moment, or hinge-moment cheracteristics for the model tested. These
results are of great interest in view of the results obtained by ;e
Ackeret and by Liepmann as reported in references 2 and 3, respectively.
Both Ackeret end Liepma.nn found thet in & Reynolds number range
simllar to that coverved by the wing-flow tests the memner of shock
Tormetion and attendant pressure distribution for two-dimensional
transonic flow were highly dependent on the Reynolds number as 1t
effected the condition of the boundary laeyer. ' From these facts 1t

-
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might be supposed that the stahility and control paremeters of a
finite ~span airfoll (more especially the flap perameters) would also
be affected considerably at the higher angles of atitack by change in
Reynolds number within the Reynolds number and Mach mumber ranges
covered by the present tests. Such a suppesition was not borne out
by the present tests, however. :

-AP?LICATION OF RESULTS TO ASSUMED TRANSONIC AIRPLANE

In order to gain an idea of the stability and control characteor-
istlcs of 'a full-scale transonic flying-wing airplane, the model data
were applied to en assumed flying-wing airplane geometrically
similar to the model and possessing the characteristics listed
below. Model data from the lovel-flight runs wore used wp to a
Mach number of 0.90 and model dete from the high-dive runs were
used from M = 0.95 to M = 1.10, .inclusive.

Wing area, square £8et + « v o & « ¢« v v o s v s 4 4 e v s 0 . . 200
Groas welght, pounds « « v « . v ¢ « o « oy s « e 4. . . 15,000
Wing loading, pounds per foot? . . .. ..., . " N - I
SP&n, feet [} . . . . . . 0 . . . . - . . . . 'y . » . . 0 . . . 214‘-6,4'
Mean serodynamic chord, £86% « + « v « v v ¢« v - s 4 . 0 . . . B.24
Blevator spen along hinge €, feet . . . . + « v v v+ «'v . . 29.62
Elevator root-mean-squere chord perpendicular to hings g, foot . 1.673
Total sbick travel, inches « o v v w v ¢ v v « wie e o0 o v o o o 18
Up-elevator travel, degress . . . , . ot e e e I . « v . 30
Down-elevator travel, d0Grees .« « v v « v v v C N 4w e w e e . ig
D T

Center-ofjgravity position, perceht M.A.C. ..

It wes assumed that all the aerodynamic parameters were rectilinear
end had the values indicated by the model data for o =0 and & = 0
over the angle-of-attack and flap-deflection ranges required to .
meintain level flight at all speeds up to & Mech number of 1.10. The
effect of flap defloction on the total lift was taken into account.
An altitude of 30,000 feet was assumed. : Co '

Resulis of the calculations for longitudinal cheracteristics
in steady lsvel flight are shown in figure 20. The top. curve presents
the ailrplane 1ift coefficlent Yoquired to maintain level Flight.
The second plot gives the cgr$éspon&ing'angles of atback and flap
deflectionnirequired for trim. Neglecting the damping moment duse
to pitehlng velocity, which is small for an airplane of this type,
these cirves also give the elsvatcr angle per g and the angle of
attack per g in steady curvilinear flight so long as the airfoil
and flap-lift and pltchiing-moment characteristics remain rectllinear.
The third plot shows the stick foroe required to msintain level
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flight. Unlike the slevabtor angle curve, the stick-force curve
cannot be congtrued.to give the stick: force per & in curvilinear
flight bocause the model data indicate the nonrectilinesr nega.tive
floating tendency boglns to effect appreciebly the stick-force
cheracteristics at angles of atbtack above those reguired for level
flight. In the calculations shown the paremoter dCg/de was assumed
to be zero. .

On the hasis of flgure 20 it appears that such a transonid
alrplens will experience the familiar diving tendency at high Mach
nuibers thet results from the large rearward shift in asrodynamic
center (increase in static maragin) due to comnressibili‘by phenomena.
However, through the use of 35° of sweepbadl the tendency is delayed
et least untll a Mach mumber of 0.90 is reached. It is intorgsting
to note the tremondous stick forces that would be required to fly
such an airplsns to a Mach number of 1.10. These stick forces
might be reduced by meny different methods. Some of these methods
include the elimination of the less effective portions of the
elevators, the use of s control 'booster and the use of aorod.ynamic
balance on 'bhe fle.p.

From the foregoing estimations it appears that, provided same
mothod ls used to cope with the tremendous stick forces that will be
involved, there should be little difficulty from the sta.nd.point of
longituclinal trim and stabllity characteristice in flying e 35
sweptback flying-wing alrplane to a Mach mumber of at least 1.10.

CONCIUSIONS

Wing-flow tests betwsen Mach numbors of 0.55 and '1.10 of a 35°
sweptbacL 65-009 airfoil model of aspsct ratio 3.04 with a -E;-chord.

full-spen unsealod plain flap indicated the following conclusions:

1. The variations of 1lift and piteching moment with elther angls
of attack or flap deflectlion and the variation of hinge moment with
flap deflection were approximately rectilinsar at all Mach numbers
tosted for moderate angles of attack and flap deflections.

2. The 1ift curve slope increased slightly with increassing
Mach numbsr up to a Mach number of 0.80; sbove a Mach number of 0.80
there was no apprecisble change in 1lift curve slope.

3. The maximum 1ift coefficient and the angle -of attack for
maximum 1ift coefficient increased markedly sbove a Mach numbor
of 0.95.
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. 4. The aerodynamic center was &t approximately 17 percent of the
moan . eerodynamic chord below a Mach number of 0.90; increasing the
""Mach number to 1.10 caused a gradual rearward movement of the esero-
dynamic center to 33 percent of the mean aerodynemic chord.

5. Flap effectiveness ' d.CL/d.S was reduced 40 -percen'b by

increasing the Mach mmber from 0.55 to 1.00; betwesn M = 1.00
and M = 1.10 the flap offectiveness remained constant.

- 6. Flap relative effectivensss dm/dd "decreased by about
50 percent between M = 0.55 and M = 1.00; further increase in
speed to M = 1.10 caused a very slight recovery in relative

effectliveness. .- L . o

7. The center of pressure duwe to flap deflectlon moved rearward
grafually from 65-percent mean eerodynsmic chord at M = 0.55 to
85-percent mean asrodynsmic chord at M = 1.05, ST

8. The flap-fléating tendency dCy/de was zero for small angles
of attack regardless of Mach number; at lerge angles of attack the |
flep had a large negative floating tendency that wes magnified by
increasing Mach number.

9. The flep-restoring tendency &CH/dd chenged from -0.009
to -0.0L7 per degree when the Mach number increased from 0.55 to 1.05.

10. Increasing the Reynolds number from roughly 600,000 to 1,200,000
in the Mach number renge from 0:65 to 0:90 caused possibdbly a few
percent decrease in the 1lift curve slope, e slight forward shift in'
asrodynamic-center location, and no change in the flap-lift, pitching-
moment, or hinge~moment cheracteristics. . -

Langley Memoz"'iai“Aeronautical La"bo:;'atory
National Advieory Committee for Aeronautics
Langley Fileld, Va. '
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Figure 1.- View of 35° sweptback 65-009 airfoil with i-chord plain flap mounted on Tight Wing
of P-51D airplane. Rectangular vane on right used for measuring angle of attack.
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Flgure 3.- View of rake used to measure velocity gradient above wing surface,
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Figure 4.~ Typical variaticns of local Kach number with v

messured at chordwisa station Ad with nodel rempved.

which had sasme contour as right wing.
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(b) M = 0.70.
Figure 10,- Variation of pitching moment coefficient with flap deflection from
high dive runs., NACA 65-~009 eirfoil, A = 3,04, .\ = 350, cg/c = 0.25,

gap unsealed, Moment cocefficient given about axls located 16 percent MAC
ahead of leading edge of MAC. ‘
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Figure 15.~ Variation of pitching moment coefficlent with angle of attsock.
NACA 65-009 airfoil, A ® 5,04, /A= 35°, ogp/c = 0.25, gap unseseled,

Se ® 0°, Moment coefficient glven about axis located 18 percent MAC
e g

ahoed of leading edge of MAC. Note shift in zero ordinate for different

Ma.ch numberse
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Fig. 16a

() ZHigh dive rums.

Figure 16+~ Variation of hinge moment coefficient with angle of attmok,
65=009 airfoil, A = 5,04, ./ = 389, op/oc = 0.25, gap unsesled,
Note shift in zero ordinste for different Mach numbers.
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